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Climate change and security of energy supply are main sustainability issues today and an energy systems shift 
towards renewable energy sources is therefore urgent. However, unless environmental impacts of such a shift 
are carefully taken into account, imposed resource and land use changes may counteract other sustainability 
goals, such as preserving biodiversity and ecosystem services. Strategic Environmental Assessment (SEA) 
provides a comprehensive framework for assessment of policies and plans where a full range of environmental 
issues are addressed. The aim of this article was to find possibilities for comprehensive sustainability 
assessment among published energy—-environment models and the linking of renewable energy analysis to 
landscape and biodiversity issues through land use concerns. Based on the review of relevant energy, 
environmental and linking models, a survey on publications and a case study on the EU Energy Roadmap 2050, 
the results show that existing energy models and research have low concerns on land use, landscapes and 
biodiversity. Consequently, it would be difficult to provide comprehensive decision support by using only these 
tools. However, suitable energy models, ecological assessment models and multi-criteria approaches exist with 
great potential for inter-linking. The development of energy models could thus have new orientations, 
connecting them to involve renewable energy options with land use, landscape and biodiversity concerns, 
which could be advanced into powerful SEA tools for integrated policy assessment. This will enable the 
development of more comprehensive decision support tools for assessing future energy scenarios, integrating 
main policy concerns when assessing renewable energy options. 

© 2014 Elsevier Ltd. All rights reserved. 
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1. Introduction 


Climate change and security of energy supply are main sustain- 
ability issues today and an energy systems shift towards 
renewable energy sources is therefore urgent. However, unless 
environmental impacts of such a shift are carefully taken into 
account, imposed resource and land use changes may counteract 
other sustainability goals, such as preserving biodiversity and 
ecosystem services (e.g. [1-6]). Since both climate change and 
biodiversity are increasingly seen as being of highest priority [7,8], 
there is a need for an integrated approach for addressing these 
issues that can take both energy and environmental impacts into 
account. 

To counteract climate change by reducing greenhouse gas 
emissions and to promote security of energy supply, increased 
use of energy from renewable sources is an important part of the 
measures needed, which is supported by e.g. the EU Renewable 
Energy Directive (2009/28/EC). With a view of achieving the 
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5000 


commitment within EU of reducing greenhouse gas emissions to 
80-95% below 1990 levels by 2050, several scenarios have been 
built and analysed in order to explore the challenges and oppor- 
tunities of possible future development alternatives. Firstly, in the 
Roadmap for moving to a competitive low-carbon economy in 
2050 [9], the implications of this commitment were analysed. This 
Roadmap seeks to develop a long-term European technology- 
neutral policy framework to modernize energy supply. Secondly, 
in the Energy Roadmap 2050 [10], according to the scenario 
analyses, a secure, competitive and decarbonized energy system 
in 2050 is possible. On the way to this goal, the energy system 
would be transforming together with a number of structural 
changes, such as decarbonisation of the energy system, a sub- 
stantial rise of renewables, energy savings, and other. In all 
scenarios, which were built on different combinations of these 
structural changes, the share of renewable energy sources would 
rise substantially, achieving at least 55% in gross final energy 
consumption in 2050 [10]. 
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Fig. 1. Energy demand projected by World Energy Outlook 2011 (International Energy Agency [12]). 
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According to the EU Energy Roadmap 2050, renewables will 
become a central part of the energy mix in Europe, moving “... 
from technology development to mass production and deploy- 
ment, from small-scale to larger-scale, integrating local and more 
remote sources, from subsidized to competitive...” [10]. In parti- 
cular, wind power would provide more electricity than any other 
technology in the High Renewables scenario by 2050, and solar 
power could, with further technological development, deliver 
substantial quantities of electricity for e.g. Mediterranean coun- 
tries. Biomass for heat, electricity and transport would be largely 
demanded for decarbonisation, while the role of hydropower was 
considered to be relatively stable in all scenarios [11]. Projections 
of energy demand have been done by World Energy Outlook 2011 
[12]. As shown in Fig. 1, renewable energy demand will increase 
significantly in the low carbon scenario, as replacement for fossil 
energy. 

The land use changes imposed by the shift towards more 
renewable energy options and the related infrastructure can, when 
implemented on large scale, be foreseen to have significant 
impacts on landscapes and environment. This can rise critical 
questions concerning whether renewables can really insure a 
sustainable development. 

In line with such discussions, the environmental impacts of 
the EU Energy Roadmap 2050 were assessed by the EC [11], who 
concluded that all decarbonisation scenarios would achieve 80% 
greenhouse gas reduction and close to 85% energy related CO3 
reduction in 2050. In most scenarios, air pollution can be expected 
to decrease, while all options would impact on land use. These land 
use changes, caused by grid development, power plant installation and 
operation, renewable infrastructure and biomass extraction from 
forestry and agriculture, will have negative impacts on biodiversity 
and ecosystems services, while the impacts on water systems will 
depend on the energy mix. 


1.1. Environmental impacts of renewable energy technology 


The different renewable energy technologies and the related 
plantations (forest and agricultural crops) and infrastructure (wind 
mills, solar farms, dams, access roads, grids, etc.) have different 
specific environmental impacts which only recently have been 
studied. 

Wind power plants and access roads affect wildlife and thus 
biodiversity through collisions, habitat loss, fragmentation and 
degradation [13-17]. The typical turbine foundation affects 0.08- 
0.2 ha and may crush underground wildlife at depth of up to 
60 cm ([13,17]). The estimated area requirement for a wind farm of 
1 MW is 1600-6000 m? [16], which together with the roads 
constructed for access to wind farms, impose high risk for impacts 
such as habitat degradation, fragmentation and loss. Similarly, 
monopoles of offshore turbines may lead to loss of large areas of 
sea bed habitat, and thus affecting marine wildlife. In addition, 
wind power plants affect landscapes and related cultural ecosys- 
tem services, through habitat changes, visual impacts and noise 
(e.g. [18]). Meanwhile, impacts due to vibration, electromagnetic 
field generation are still not clear. 

Impacts of solar energy follow similar patterns as wind farms 
due to large land occupation to harness sunlight [19,20]. In 
addition, wet-cooling solar systems consume large amounts of 
water [21], with temperatures in the most concentrated solar 
systems reaching 300°C; there is a potential risk of hazardous 
chemical spill and the fire risk can be high [22]. 

Environmental impacts of bioenergy generation differ widely, 
depending on e.g. raw materials (crops, forest biomass, and waste), 
producing techniques, geological differences and analysis methods 
[23-25]. Combustion air pollution, land use competition and 


biodiversity impacts are critical environmental issues related to 
energy crop plantations [26-28]. Forest bioenergy is closely linked 
with forest biodiversity and ecosystem services, both on local 
and landscape levels, and the impacts have widely been seen 
as problematic, negative [29,30,31], or in need of further research 
[32]. Other environmental impacts such as acidification and 
eutrophication are related to some bioenergy options [33,34]. 
Even the ‘carbon-neutral’ property of bioenergy, making it attrac- 
tive for climate change mitigation, has been questioned by some 
studies (e.g. [23,24,35]). 

Hydropower plants and related water reservoirs strongly affects 
ecosystems of lakes and watercourses as well as shorelines (e.g. 
{36-38]). Directly, dams can result in barrier functions for migra- 
tion of fish and other aquatic species; upstream impacts would 
have effects on invertebrates, fish, birds, mammals and growth of 
macrophytes in reservoirs. Furthermore, sediment transport, 
annual flow regimes and water quality will also be affected with 
major consequences for downstream ecosystems. Indirectly, 
impacts can be anticipated also on adjacent ecosystems, such as 
riparian zones and wetlands [39]. Furthermore, water reservoirs 
for hydropower have been seen as significant sources of GHG 
emissions due to the CO, and CH; released from decaying vegeta- 
tion [27,36]. 

Thus renewables on large scales, especially wind power, solar 
power and bioenergy, need or affect large land areas for planta- 
tions and infrastructure; while hydropower impacts on water 
ecosystems. Thus, natural habitats and agricultural land might be 
replaced or affected directly and indirectly by such plantations and 
infrastructure, with negative environmental impacts on, among 
other, biodiversity and ecosystem services (e.g. [13,19,26,27,39- 
42]). This means that implementing renewables on large scale may 
conflict with other sustainability objectives and related legislation, 
such as designated habitats and species protected by the EU Birds 
and Habitats Directives (79/409/EEC and 92/43/EEC), as well as the 
EU Water Framework Directive (2000/60/EC) and the European 
Landscape Convention. In addition, according to several authors 
[13,26,28,41,42], most of the possible environmental impacts are 
still missing in many impact assessments of energy options. This 
means that not only do we need methods and tools for assessing 
these impacts, but as well it is important to ensure that main 
policy concerns are properly addressed. 


1.2. Strategic environmental assessment 


A comprehensive framework for assessment of environmental 
impacts is provided by Strategic Environmental Assessment (SEA), 
which is developed for environmental impact analysis for policies, 
plans and programmes (e.g. [43,44]). This framework enables the 
inclusion of relevant environmental information into decision 
making. The inclusion of a wider set of factors is meant to 
contribute to more sustainable and effective solutions, which 
applies very well on the new demands on energy systems. SEA 
is implemented in EU legislation (2001/42/EC), addressing the 
assessment of the effects of certain plans and programmes on the 
environment. The aim with this Directive is to contribute to 
protection and improvement of the quality of the environment 
and to rational utilization of natural resources. According to the 
Treaty establishing the European Community, environmental pro- 
tection requirements are to be integrated into EU policies and 
activities, in particular with a view to promoting sustainable 
development. Within the SEA framework, likely significant effects 
on the environment that are to be taken into account include, 
in sum, the specific issues biodiversity, population, human health, 
soil, water, air, climatic factors, material assets, cultural heritage, 
landscape and the interrelationship between the above factors. 
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Thus, the SEA framework takes a broad view on sustainability and 
includes a full range of issues of high policy priority, which makes 
it highly useful for a critical review of policy analysis tools, 
addressing sustainability issues. 

The interactions between energy systems, climate and envir- 
onment are of course highly complex to assess, but even if there 
are considerable uncertainties in such efforts, they can greatly help 
to evaluate policy options and to find mitigation approaches and 
adaption methods [45]. A range of policy analysis tools that are 
designed for analysing the energy system with the aim to provide 
decision support can be called energy models. These in general 
link energy supply and/or demand, some to economy and some to 
certain environmental impacts, especially concerning air quality 
and climate change evaluation [11,46-49]. A tool that can link 
energy systems to a broader range of environmental impacts and 
resource use is life cycle assessment (LCA) [23,50]. However, as 
found by e.g. Finnveden et al. [51], available analytical tools within 
the energy sector primarily cover environmental impacts related 
to emissions, while tools covering impacts on ecosystems and 
landscapes are more limited. 

Simultaneously, models that are designed to address biodiver- 
sity, ecosystems and landscapes in the relation to e.g. land use 
change have been developed, providing a strong potential for 
analysing these interactions (e.g. [52-57]). Such models can be 
called ecological assessment models and, since they have a spatial 
dimension, can localise and quantify impacts of land use change, 
imposed by e.g. renewable energy plantations and infrastructure, 
on biodiversity and ecosystems on landscape and regional levels. 
Another family of tools that specifically address the linking of 
multiple and sometimes conflicting criteria in an integrated 
assessment can be called Multi-Criteria Analysis (MCA) tools 
[58-61]. These tools can be useful for overcoming energy-envir- 
onmental assessment gaps concerning renewables in terms of how 
to link between models and how to assess results. 

Since renewables affect environmental issues such as biodiversity, 
water, air, climate and landscapes, interactions between these and 
other sustainability issues needs to be studied and assessed. The 
potential to adequately address these issues can be seen as relatively 
high by using and further developing the existing assessment tools. 
However, these tools need to be integrated with each other in order to 
enable comprehensive policy assessment of renewable energy options. 


1.3. Aim 


The aim of this paper was to explore the potential of a broad 
selection of existing models and tools to address main environmental 
and sustainability issues related to the development of renewable 
energy options, from an SEA perspective in an EU context. The 
objectives were to provide an overview of potentially suitable models 
and tools through a literature review; and to assess the prospective of 
a broad selection of environmental-related energy models from an 
SEA perspective, in order to investigate how they dealt with environ- 
mental impacts and what environmental issues were addressed. By 
exploring the scope, abilities and linking potential of models and tools, 
and by identifying knowledge gaps and information on how 
environmental-related energy models assess environmental impacts, 
the paper aims at supporting further model development for inte- 
grated sustainability assessment of renewable energy options. 


2. Methods 


To get an overview of energy related models and their potential 
for integrated assessment, the research was carried out in three 
steps. Firstly, a literature review was conducted concerning mod- 
elling tools that are potentially useful for addressing energy policy 


and its environmental impacts in an integrated assessment. The 
questions posed in this review were: 


@ Which aspects have been concerned in energy models? 

@ Which aspects have been concerned in models addressing 
biodiversity and ecosystem services related to land use? 

e Are there potential linkages between energy models and 
ecological assessment? 


Secondly, a survey on energy related publications and their 
research scopes was performed through searches in the scientific 
literature database Scopus. In order to achieve a broad overview of 
publications on energy-related analysis within both energy and 
environment areas, we started by using all journal sources in 
Scopus and applying “energy model” as the keyword and “energy” 
and “environmental science” as research area limitation. Then, we 
narrowed down the sources to two selected journals, “Energy” and 
“Energy Policy”, which focus on energy-related publications, to 
specifically address the environmental-related research within 
energy analysis. For the analysis, the specific issues for environ- 
mental assessment defined in the EU SEA Directive were used as a 
checklist. The questions addressed in the second step were: 


e How many energy-related publications in the whole database 
concerned climate change, land use, landscape and biodiver- 
sity, respectively? 

@ What is the situation in two energy-related journals? 


Thirdly, the EU Energy Roadmap 2050 and its related impact 
analysis reports were reviewed. These were: A roadmap for moving 
to a competitive low carbon economy in 2050 [9]; Energy Roadmap 
2050 [10]; Impact assessment—Energy Roadmap 2050] 11]; Executive 
summary of the Impact assessment—Energy Roadmap 2050 [62]; and 
the Final report of the Advisory Group, Summary record of the PRIMES 
peer review meeting, Results of the public consultation on the Energy 
Roadmap 2050 [63]. As EUs biggest energy plan, the model-based 
analyses that were used in the EU Energy Roadmap 2050 were 
evaluated from the SEA perspective. Also for this analysis, the specific 
issues for environmental assessment defined in the EU SEA Directive 
were used as a checklist. The following questions were addressed 
during the review: 


@ What impacts were considered in the analyses of the EU Energy 
Roadmap 2050? 

e What models were used for the impact analysis? 

@ What impacts that are covered by the SEA framework were not 
included or appropriately addressed in the EU Energy 
Roadmap 2050? 


3. Results and discussion 


3.1. Review of models addressing energy systems and environmental 
impacts 


Energy system modelling tools have been widely developed 
and integrated with, for instance, economic models and to some 
extent with environmental models. To assess the models' scopes 
and the connections between them, we reviewed a selection of 
models which are widely used for scenario building and analysis in 
the context of EU (and other) energy policy and planning. 


3.1.1. Models integrating energy and economic concerns 
One group of models can be called energy—-economy models. Among 
them, the model PRIMES has been used by EU for forecasting, scenario 
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construction and policy impact analysis up to the year 2050. It 
simulates market equilibrium for energy demand and supply within 
the European Union and it focuses on market-related mechanisms 
influencing the evolution of demand and supply [64]. TIMES is another 
example of an economic model generator for local, national or multi- 
regional energy systems [65]. 


3.1.2. Models integrating energy and emission concerns 

The modelling scope is expanded within a group of models that 
can be called energy—emission models. For instance, GAINS (GHG- 
Air pollution Interaction and Synergies) has been used by EU for 
emission assessment of the six greenhouse gases covered under 
the Kyoto Protocol (COz, CHy, N20 and the three F-gases) together 
with the emissions of other air pollutants [9]. CAPRI (Common 
Agricultural Policy Regionalised Impact) models the response of 
the European agriculture system and environmental indicators 
involved are balances for N, P, and K; emissions of ammonia, 
methane and N20; GHG; and energy use in agriculture. In EU 
Energy Roadmap 2050, CAPRI, together with GAINS, was used for 
analysis of agricultural production and emissions [9]. GLOBIOM 
(Global Biomass Optimization Model) aims to analyse policy 
alternatives on global issues concerning land use competition 
between major land-based production sectors. In EU Energy 
Roadmap 2050, GLOBIOM was used together with the G4M model 
for analysis of wood demand, emission from forest and agricul- 
tural land and land use changes [9]. MAGICC (Model for the 
Assessment of Greenhouse Gas Induced Climate Change) is 
another example of a model that includes a carbon cycle model 
that relates atmospheric inputs (emissions) and outputs (physical 
and chemical sink processes) to changes in the atmospheric 
carbon concentration [66]. 


3.1.3. Models integrating energy and social concerns 

Energy system analysis and social impacts can be linked in a 
group of models with a partly different scope that can be called 
energy-social models. Among them, GEM-E3 (General equilibrium 
model) has been used by EU for social impact analysis, specifically 
employment. It computes the equilibrium in the goods and services 
markets and determines separately the supply or demand of labour, 
capital, energy, and other goods [9]. The analysis also involved 
spatial models for land use analysis. Another of these models is 
G4M (Global Forest Model) that provides spatially explicit estimates 
of annual bio-mass increment, development of forest bio-mass and 
costs of forestry options such as forest management, afforestation 
and deforestation by comparing the income of alternative land uses 
[9]. 


3.1.4. Models integrating energy, technology, economy and emission 
concerns 

There are also models covering energy-technology-economy- 
emissions issues. For instance, the POLES (Prospective Outlook on 
Long-term Energy Systems) model provides a tool for forecasting 
long-term energy, technology and climate change issues. It has 
been used for global energy demand and supply analysis [9]. 
Another of these models is the global optimization model MERGE 
(Model for Estimating the Regional and Global Effects) [67], which 
describes the interaction between macroeconomic production, the 
energy system (demand and supply), pollutant emissions, and 
climate change. Further, the ERIS (Energy Research and Investment 
Strategies) model was created to examine the effects of different 
representations of technological change in energy optimization 
models, focusing primarily on the electricity generation sector 
[68]. 

More a methodology than a specific model, the aim of LCA 
(Life-Cycle Assessment) is to calculate the environmental impacts 


and resource uses due to a product or service “from cradle to 
grave” [69]. Compared to the requirement for SEA established in 
the EU SEA Directive, the virtue of LCA is specifically that it aims to 
comprehensively describe the environmental impacts through a 
“functional unit” considered for a broad range of impact cate- 
gories. A limitation of LCA pointed out by Finnveden et al. [51] is 
that LCA is a non-site specific, time-independent tool. As per their 
argumentation, in the inventory phase, the specific location and 
timing of resource extractions and of emissions to the environ- 
ment are not included in the data sets used. 

Furthermore, whilst LCA may provide quantitative, non-site 
specific, time independent information about environmental 
impacts due to physical material flows and chemical and physical 
processes, impacts due to land use are currently under develop- 
ment. Some efforts have been made to use LCA to assess the 
impacts of land use changes on biodiversity [70-73]. Still, Finnve- 
den et al. [74] reasoned that whilst land use is included in life- 
cycle inventory, and assessed as an elementary flow in many LCA 
methods, there is no concensus as to how subsequent impacts due 
to land use, such as loss of biodiversity, loss of soil quality and loss 
of biotic production potential should be accounted for in LCA [74]. 


3.1.5. Models integrating energy and ecological concerns 

Ecological assessment models for land use change and biodiver- 
sity response analysis have been established and broadly used for 
ecosystem impact analysis. Such spatial models address ecosystem 
processes on different levels; focusing on e.g. ecosystems distribu- 
tion, fragmentation, rarity, etc. [75,76]; species and community 
distribution, diversity, abundance, rarity, habitat suitability and 
connectivity, etc. [52,77-82], or both [53,55,83]. Another approach 
is to model prioritised groups of species characterised by their 
ecological profiles [54,84,85]. These spatial ecological assessment 
models can further be used as sub-models to integrated assess- 
ment tools, where multiple criteria can be considered simulta- 
neously, see e.g. [56,57,86-88]. The connection of ecological 
assessment models with energy models has not been as broad as 
the connection of energy models with economic and emission 
models in this literature review. 

For integrated assessment of energy policy and planning, 
multiple and sometimes conflicting criteria need to be handled 
together and evaluated in decision-making. For this purpose, MCA 
(Multi-Criteria Analysis) methods have been widely used for 
handling e.g. environmental issues (e.g. [89]). Compared with 
single criteria approaches, MCA is designed to take complex 
factors into consideration and to perform an integrated analysis 
[58]. A multitude of tools have been developed to carry MCA 
analysis both in spatial (e.g. [90-93]) and non-spatial (e.g. [94-96]) 
approaches. MCA has been used for renewable energy system 
evaluation [97] and for energy policy design, especially for 
integrated energy and environmental policy strategies [98-100]. 

Another approach to link multiple criteria would be to translate 
all indicators into one “currency”, such as cost-benefit analysis. 
Economic valuation of biodiversity and ecosystem services has 
been seen as a promising approach to improve sustainable 
management and decision-making [101-105]. For energy related 
analyses, research on energy impacts on ecosystems using market- 
based ecosystem valuation methods can be found, but full eco- 
nomic valuation studies of such impacts are still lacking | 106]. 

In sum, energy models are mainly analysing energy demand 
and supply, energy prices and costs, GHG emissions, air pollution 
and social impact on employment. Land use analysis in this 
context is scarce but development is on-going [5,9,51,107-110]. 
Renewable energy would have significant impact on land use, 
landscapes and biodiversity and the connection of those issues 
with energy systems, especially renewable energy systems, is 
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obvious but the linkage between ecological assessment models 
and energy models are rarely found according to the literature 
review. 


3.2. Integrated energy-environmental analysis 


The survey on publications on energy models in the Scopus 
database revealed the lopsidedness of energy-related environ- 
mental impact analysis. As shown in Fig. 2, energy related models 
are very much focusing on climate change issues compared with 
other environment issues. Specifically research about interactions 
between energy and biodiversity is weak. In the next step, the 
literature search source was narrowed down to two journals, 
“Energy” and “Energy Policy”, from which the results are illu- 
strated in Fig. 3. As can be seen, energy model based research 
which is related to biodiversity is very scarce and seems to have 
started just in recent years. Landscapes seem to be a little more 
integrated while land use is increasingly being part of the analyses. 

Regarding the target for GHG reduction set by EU, the EU 
Energy Roadmap 2050 [10] is, as mentioned, expected to support 
the shift towards a safe, resource efficient and sustainable low- 
carbon economy of EU. When reviewing the EU Energy Roadmap 
2050 and its related impact assessment reports, concerning which 
impacts were analysed, what modelling tools were used and what 
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were the targeted issues respectively, the results were summar- 
ized in Table 1. 

By combining the results of all three reviews it was found that 
currently energy analysis and energy related environmental 
impact analysis are focusing mainly on climate factors. Looking 
into a single model, it could be seen that most of the now-existing 
energy models for policy assessment in one way or another focus 
on a single or a few issues, and on the other hand, the concerns 
about climate change and energy security are spurs for most of the 
models to focus on economy and GHG emission topics. According 
to the literature review, these two issues were dominating, while 
land use and biodiversity issues were largely neglected. 

When comparing these results with the SEA environmental 
issues (biodiversity, population, human health, soil, water, air, 
climatic factors, material assets, cultural heritage, and landscape), 
it could be concluded that among the issues that has been pointed 
out as most urgent and at highest risk of being negatively affected 
by renewable energy options, biodiversity has to a large extent 
been neglected, while landscape issues has received slightly more 
attention. Land use is more common to take into account but the 
full potential of its connection with other environmental issues, 
among these biodiversity and landscape, cannot be considered to 
be reached. Thus, research and modelling concerning energy and 
environmental issues are still very isolated from each other. As a 
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Fig. 3. Energy-model related publications found in the two energy-related journals Energy and Energy Policy. 
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Table 1 


Summary of models and their targeting issues in EU Energy Roadmap 2050. 


Impact analysis 


Quantitatively 
Economic impacts Energy price 


ETS carbon price 


Macro-economic impacts 
Investments and fuel expenses - 


Energy demand and supply Oil production 
Energy consumption 
Imports of oil and gas 
Biomass production 


Energy-wood demand 


Climate change impacts 


CO, emission from transport sector - 
CO2 emissions from agriculture 
CO, emissions from forestry 


CO, emission from land use change - 


Non-CO2 emissions 


Environmental impacts Air pollution 


Social impacts 


Employment/jobs 


Qualitatively 

Environmental impacts Land use 
Biodiversity 
Water use 


Social impacts Quality of jobs 


CO2 emission from energy and industrial sectors 


Security of supply—import dependency - 
Energy related expenditure per households - 


Global Level EU Level 


PRIMES 
PRIMES 
GAINS 
GEM-E3 
PRIMES 
GAINS 


- PRIMES 

- PRIMES 

- PRIMES 

- PRIMES G4M 
GLOBIOM 


PRIMES 

GAINS 

PRIMES 
GAINS 

GLOBIOM - 

G4M 

GLOBIOM - 

G4M 

GLOBIOM 

G4M 

- GAINS 

CAPRI 


- GAINS 


PRIMES 
PRIMES 
GAINS 

GEM E3 


Safety and public acceptance - - 


consequence of the fragmentation and lopsidedness of existing 
energy-environment models, a comprehensive analysis for policy 
assessment and decision making will be difficult to reach. 


3.3. Final discussion 


The top impact analysis topics in the EU energy roadmap 2050 
were GHG emission reduction and energy supply, and renewable 
energy has been hotly debated. Renewable energy policies which 
could provide a great contribution to fulfil the climatic and energy 
security commitments might have significant negative environ- 
mental impacts especially concerning land use and its relation to 
biodiversity and landscapes. Impacts have been analysed as 
reported in the EU energy impact assessment documents, but in 
a quite different sense. GHG emission and economy factors were 
quantitatively evaluated by the help of energy models, while other 
issues were qualitatively analysed or roughly mentioned. Biodi- 
versity, landscape and land use cannot be considered to be 
properly addressed although they are closely related to renewable 
energy issues and at the same time they are crucial indicators for 
sustainable development. One of the reasons could be the missing 
support from policy analysis tools and research. Such difficulties 
were revealed when reviewing publications on seemingly relevant 
models. Unlike the linking between energy and climate change, 
models for energy system analysis and models for ecological 
system analysis were quite isolated from each other and not very 
well integrated. Thus, to achieve a comprehensive policy assess- 
ment, there is a great need for an analysis framework and model 


integration which can fully cover crucial environmental factors, 
especially biodiversity, landscape and related land use issues. 

SEA provides a conceptual framework for providing integrated 
analysis for promoting a sustainable development. SEA is as a 
systematic process for evaluating the environmental consequences 
of a proposed policy, plan and programme initiatives in order to 
ensure they are fully included and appropriately addressed at the 
earliest appropriate stage of decision making on par with eco- 
nomic and social considerations [111]. The benefits of SEA to an 
energy organization's operations can be seen in Jay's research 
about SEA for energy production | 112]. The author stated that the 
need for SEA is greatest within the energy sector, not only for GHG 
emission issues but also to other long-standing environmental 
concerns, such as landscape issues. 

SEA is defined to integrate environmental consequences into 
decision making processes of policies, plans or programmes but it 
is applied differently in different states and regions. In the legal 
framework of European Union Directive 2001/42/EC, SEA is limited 
to assessments of plans and programmes carried out by the public 
sectors in EU member states. By contrast, in Canada and South 
Africa, the scope of application covers all kinds of policies, plans 
and programs. A study of the UK, which aimed to be a ‘world 
leader in SEA’ by legislating for SEA to be undertaken of all public 
sector policies, plans, programmes, finds out that engagement 
with the SEA process is not as widespread as intended [113]. In 
line with this, it has been suggested that SEA should be applied 
both at a broad policy level and in the planning of new capacity, 
especially for renewable energy [111]. 
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If they could be well integrated with ecological assessment 
models, current existing energy models which involve environ- 
mental, social and economic analyses could be used as tools for 
SEA and have great potential for comprehensive assessment of 
policies, plans and programs. One innovative approach to integrate 
spatial models into bioenergy systems was reported by Schardin- 
ger et al. [114]. It included agricultural and forestry process chains 
into an energy system model, with focus on land use for biomass 
production, aiming to evaluate the demands for energy, food and 
materials. 

One approach embrace spatial models, which provide geo- 
graphic input data and can cover regional energy demand and 
biomass potential for optimization analysis [115]. Another example 
of model connecting attempts concerns coupling Geographic 
Information Systems (GIS) and LCA for biodiversity assessment of 
land use [27]. GIS modelling was used to generate crop production 
scenarios for corn and sugar beets that meet a range of ethanol 
production targets. The resulting land use maps were translated 
into maps of habitat types, and treated as elementary input flows 
that could be expressed within the conventional structure of LCA 
methodology. 

MCA is another example that could combine isolated modelling 
and research works and deliver quantitative and integrated 
environmental impact analysis which covers climate changes, land 
use changes, landscapes, biodiversity, and air pollution and other 
environmental issues. For SEA, the specified environmental issues 
could provide the multiple criteria for the MCA. Sustainability can 
then be evaluated by combining the criteria in different ways, such 
as by use of weighted linear combination or other methods 
[92,93,96]. 


4. Conclusion 


When combining the results from the reviews, it was found 
that currently, energy analysis and energy related environmental 
impact assessment are focusing mainly on climate issues. Looking 
at a single model, it can be seen that most of the now-existing 
energy models for policy assessment in one way or another focus 
on a single or a few issues, and on the other hand, the concerns 
on climate change and energy security are spurs for most of the 
models to focus on economy and GHG emission topics. One can 
also see from the publications that these issues are dominating, 
while biodiversity and landscape issues and their relation to land 
use are largely neglected, even though ecological assessment 
models and linking methods exist. Models assessing energy and 
environmental issues are still to a large extent isolated from each 
other. A consequence of the fragmentation and lopsidedness of 
existing energy-environment models is that a comprehensive 
analysis for policy assessment and decision making will be difficult 
to reach. If energy models which have concerns on emissions and 
social impacts could also incorporate ecological assessment mod- 
els, these could have great potential as tools for SEA for policy 
assessment as well as for planning, in EU and beyond. 

Thus, to a large extent, energy models and ecological assessment 
models are working separately, leading to an energy-environmental 
assessment gap since renewables do affect biodiversity and land- 
scapes. Connections between renewable energy and its impacts on air, 
climate, biodiversity and landscapes is still missing which leads to 
unnecessarily narrow scopes of policy assessment of important 
scenarios for future directions of energy systems in general and 
renewable energy in particular. A higher level of integration between 
assessment tools are needed for comprehensive energy—-environmen- 
tal assessment of renewable energy options, avoiding intrinsic goal 
conflicts between policy objectives and to find sustainable solutions 
for future energy systems. 
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